Cement mortar specimens are used to simulate the fracture of rock material under uniaxial compression test, using the ultrasonic instrument measurement test process, the waveform and wave velocity results along with the change of specimen fracture extension are obtained. Experimental results show that at 0 MPa, there are micro-defects in the specimen, leading to the irregular change of the waveform of the measuring points 4# and 5#; At 1 -4 MPa, there is no crack on the surface of the specimen, the waveform of ultrasonic wave is stable, and the velocity of each point increases with the increase of the strain, but the measuring point increases the wave velocity when the load is applied; When the specimen surface cracks, expect the waveform of measuring point 4# and 5# change in irregularities, the measuring point 2# waveform also changes irregularly and measuring point of the wave velocity has decreased; At the crack propagation stage, ultrasonic wave also changes irregularly along with the expansion of crack, wave velocity with the increase of the strain is also obvious downward trend; When the crack penetrates the whole specimen, the waveform of each measuring point changes abnormally, the continuity is bad, the waveform is irregular and the measured wave velocity is low.
Introduction
With the construction of the Three Gorges Project of the Yangtze River and the rapid development of the West Region, a large number of rock mechanics and geotechnical engineering problems appear. Most of these projects are built in the central and western mountainous areas of our country, which involve many complex rock mechanics problems. For example, engineering design, construction, stability evaluation and rock mass reinforcement are directly depend on the strength, deformation, structural plane and failure law of rock mass. A large number of engineering practice shows that almost all of the unstable rock mass failure is not appearing at the beginning. Due to the existence of initial crack or defect, the stress concentration is very easy to occur at the crack tip, which leads to the re distribution of stress field and displacement field. Under certain external factors (load, temperature and groundwater, etc.), it caused crack initiation and extension, the corresponding changes will cause structural properties of materials. With the continuous expansion of the microstructure defects, the macroscopic mechanical properties of the rock materials are deteriorated, resulting in macroscopic fracture or failure. Therefore, it is very important to study the damage characteristics of fractured rocks and to analyze the variation of fracture for explaining its destruction mechanism.
In recent years, ultrasonic as an important non-destructive testing technology has the advantages of strong penetrability, simple equipment, good condition and safety, wide detection range and so on. It has been used as an important means to study the damage and fracture mechanism of rock materials. Brich [1] found that the longitudinal wave velocity of the rock was linearly positive with the density of the rock; Simmons [2] analyzed the CaO content on the impact of changes in velocity based on this theory and obtained empirical formula; Walsh et al. [3] , studies have shown that in the compaction process, the ultrasonic wave velocity in the rock increases with the load increasing and decreases with the load increasing in the expansion stage; Willis's [4] studies have shown that when ultrasound wave propagation in fractures, will produce reflection, refraction, scattering and other phenomena, and the form of propagation is accord to the ultrasonic wave length and crack linear size; Freund [5] studied the vertical and transverse velocities of sedimentary clastic rocks with porosity, clay content and confining pressure; Khaksar [6] found that the compressional and shear wave velocities of dry gas-bearing sand layers are approximated by the power function. Pei Zhenglin et al. [7] , presented the the change rule and the fracture properties of relations among the first wave, the coupling wave and the coda waves, through the comprehensive study of the full wave waveform of the ultrasonic penetration signal of the ideal fracture system in the rock; Chen Gengye et al. [8] , derived the relationship between damage parameters and attenuation coefficient and use energy method for basalt damage and stress attenuation test experimental study based on the analysis of rock fissure damage sound attenuation; Zhao Mingjie [9] proposed the equivalent model by using the relationship between rock deformation characteristics, void ratio, equivalent elastic parameters and wave velocity and attenuation, and established the theoretical relationship between sound velocity and attenuation and stress during loading and unloading; Shi Jinjin et al. [10] , use rock specimens for impact damage experiments, and obtained impact damage characteristics and damage degree of the rock and the rate of the change of sound wave velocity; Han Fang et al. [11] , evaluated the degree of damage to the rock block through the ultrasonic testing to quantitatively; Li Xianglong et al. [12] , studied the relationship between damage of rock material and wave length and amplitude of stress wave by using the law of stress wave parameters on the damage and failure of rock material; Liang Tiancheng et al. [13] , measured the acoustic emission and ultrasonic wave velocity of rock during uniaxial compression damage, and compared the changes of acoustic emission and wave velocity with the damage process; Yuan Xiaoping et al. [14] , established meso-mechanical model of rock microcrack propagation, studied the meso-damage and plasticity of rock, and analyzed the damage and macroscopic plasticity of the model from confining pressure and short micro-crack length.
At present, the research on fracture characteristics and crack propagation law of fractured rock has been relatively mature, but little is done on the experiment and mechanism of damage characteristics of fractured rock. In this paper, cement mortar specimens are used to simulate the fracture of rock materials with uniaxial compression test, and during the process of ultrasonic instruments measuring the test, waveform and velocity with the specimen crack growth results are obtained. The analysis of damage mechanism of cracked specimens provides a powerful basis for studying the extension mechanism of rock materials from microscopic damage to macroscopic fracture, which provides scientific basis for engineering application.
Preparation of Test Equipment and Test Specimens
The RMT-301 multi-function electro-hydraulic servo testing machine developed 
The Test Results and Analysis
In the test machine for uniaxial compression, the displacement control, the medium displacement rate of 0.002 mm/s, each level of load increase of 1 MPa in the progressive application of load. When loaded into the load at each level, keep the load 1 -2 minutes, manually control the send and receive ultrasound transducer, ultrasonic waveform acquisition for each test point. As all the specimens are in the same proportion, conservation period, the production made its internal composition of matter is the same. In the uniaxial compression load, ultrasonic propagation in each specimen is the same, that is, when the ultrasonic transmission to the defect area, the wave penetrating ability is greatly weakened, resulting in abnormal waveform changes, poor continuity, waveform irregular, ultrasonic wave propagation velocity will be reduced. The test results of cracked specimens are listed here, and the changes of the ultrasonic waveforms in each stage (0 MPa, 1 MPa …, cracks to the specimen surface, and crack propagation to specimen failure) are analyzed. Their experiments and compressive failure mechanism are explained, as shown in Figure 3 . Figure 3 . Ultrasonic wave of specimens (Note: the waveform of the measuring point 1 -6 represents the measuring point 1# -6#, the wave propagation distance of 150 mm.).
The Changing Rule of the Ultrasonic Wave in the Process of Specimen under Pressure
The experimental results show that there are micro-defects in the specimen at 0
MPa, which lead to the irregular change of the waveform of the test point 4 and the test point 5. In particular point 5#, the whole waveform and other test points are quite different, the continuity of peaks and valleys is also poor, indicating a small area around the test point 5#, the micro-defects of the specimen is relatively concentrated (Figure 3(a) ). In the range of 1 to 4 MPa, no crack appeared on the surface of the specimen, and the tip of individual microcracks in the specimen was concentrated due to stress and developed in a small range, there are also most of the micro-cracks and holes due to the role of compressive stress closed, the waveform of the ultrasonic wave tends to be stable, Changes in waveform is not obvious, irregular test points are still test points 4# and 5#, other test point waveform line is regular and continuous ( Figure 3(b) ). Continue to load, when the specimen surface cracks, in addition to the test points 4# and 5# irregular waveform changes outside the test point 2# waveform also irregular changes. It is shown that the microcracks are connected with the new microcracks in the small area of the test point 2#. As the load increases, the microcracks continue to be connected and the internal crack spreads to the specimen surface ( Figure 3(c) ). During the crack stage, initial cracks continued to spread rapidly, the test piece deformation continues to increase, micro-cracks also continued to extend, connect, development to the specimen surface, it would appear more fractured specimen surface. The waveform of ultrasonic wave will also change irregularly with the expansion of crack, the most obvious change is the test points 1#, 2#, 3#, these three test points waveforms are no longer continuous, The difference between the peak and trough of large (Figures 3(d)-(f) ).
When the crack penetrates through the specimen, the specimen has lost its load-carrying capacity, and the instability fracture occurs. The crack penetrating is roughly parallel to the compressive stress direction, and the specimen is divided into several small parts. At this time the waveform of each measurement point abnormalities vary greatly, continuity is poor, the waveform is obviously irregular (Figure 3(g) ).
The Changing Rule of the Ultrasonic Wave Velocity in the Process of Specimen under Pressure
Crack specimen under uniaxial compression, with the gradual application of stress, its internal micro-cracks will continue to develop until the final complete destruction. The results show that [15] , ultrasonic longitudinal wave velocity is more sensitive to stress. Ultrasonic P-wave velocity can reflect the relationship between internal damage and macroscopic fracture under uniaxial compression.
In this paper, crack specimen strain in the process of change by force, and establish the relationship between strain velocity of change, ashen come to damage deformation characteristics during load test piece (Table 1, Figure 4 ).
It can be seen from Table 1 that under the uniaxial compression of the cracked specimen, the velocity of each point increases with the increase of the strain in the range of small initial load, the velocity of the wave is increased when the load is applied. This is because the fractured specimen is compressed to cause some micro-cracks to be compacted, the wave propagation within the specimen to reduce the resistance, making the wave speed has increased, but the increase is very small. When the specimen surface cracks, each test point velocities have
decreased, but the test points 1#, 2#, 3# wave speed decreased significantly, test point 4#, 5#, 6# of velocity fluctuations unlikely. This is because the sample in the production process, the 1#, 2#, 3# points belong to the upper part of the test, the specimen, due to settlement of mortar particles leads to the specimen, density distribution is not uniform, and upper part of the internal space is more than half, making waves in the specimen spread by the gap resistance increases, the wave velocity decreased significantly. With the increase of load, the internal micro-cracks will continue to develop, until the final complete destruction, the velocity of each test point also increases with the strain was a significant downward trend.
It can be seen from Figure 4 that the measurement points have similar velocity-strain characteristics. The general rules are as follows:
1) The initial velocity values of 3#, 2# and 1# are relatively close, and the wave velocity-strain characteristic curves of 3# and 2# are similar;
2) The initial velocity values of 4#, 5# and 6# are relatively close, and the wave velocity-strain characteristic curves of 5# and 6# are similar;
3) The wave velocity-strain curves of test points 1# and 4# show anomalous characteristics, because there are arranged on both sides of the original crack, and the original cracks will produce a closed phenomenon; The original micro-cracks within the specimen will expand, new cracks will appear and develop an extension. It is difficult to explain the rise and fall of the wave velocity due to the situation that the wave velocity of ultrasonic wave will rise and then decline (crack growth stage) in the whole process of stress of the specimen, unable to determine changes in the relationship between damage and fracture of the specimen. Therefore, the wave velocity-strain curves of test points 1# and 4# can not describe the deformation law of the test.
4) The characteristic of the whole wave velocity strain curve is a) The prefabricated cracks and the microcracks inside the specimen are in steady state when the load is small. Section perpendicular to the loading direction of the micro-cracks will have closed, the specimen is compacted and wave velocity increases slightly; Parallel to the loading direction of the micro-crack-tip stress concentration slightly development, resulting in a downward trend but the velocity was not obvious; The whole wave velocity-strain curve is stable and the wave velocity is almost unchanged or slightly increasing or decreasing. b) When the specimen surface cracks decreased velocity. The original microcracks developed and extended within the specimen, and new microcracks gradually expanded with the increase of the load; the microcracks developed more frequently in the specimens, which led to the development of micro cracks and the macroscopic cracks appear on the surface. It can also be seen from the velocity-strain curve of each test point that the wave velocities of the test points 2# and 3# show the obvious drop firstly at the surface of the specimen, while the test points 5# and 6# in the surface of the specimen cracks after a period of time, it showed a marked decrease in velocity. It is shown that the macroscopic cracks on the specimen surface are only partial cracks and do not penetrate the whole specimen. If the loading is stopped, the expansion of the local crack will cease. If the load continues to be applied, the stress will continue to increase with the strain, local cracks and prefabricated cracks will continue to extend the extension. c) As the load continues to be applied into the crack propagation stage. With the increase of the strain, the ultrasonic wave velocity decreases sharply, the inner micro crack propagation and the extension of the specimen are not stable, there are several macroscopic cracks on the surface of the specimen, and the length of the crack is different and distribution of random.
d) Cracks continue to develop rapidly, leading to serious damage to the test pieces and can not withstand the load. Although many small pieces of the specimen will be gradually compacted, will make some of the measured point of the wave speed has increased, but the whole wave velocity-strain curve is in a downward trend. When the fracture completely penetrated the specimen internal and surface, the specimen was damaged continuously, and the phenomenon of unstable fracture occurs.
Mechanism of Ultrasonic Detecting Damage Characteristics of Fractured Specimen
In summary, the mechanism of ultrasonic testing on the damage characteristics of cracked specimens is that there are initial micro defects and prefabricated cracks, which lead to irregular changes in the shape of the waveform. Under the action of uniaxial compression, the whole specimen has undergone five stages:
compaction, elastic deformation, damage, damage extension and damage. In the compaction stage, the tip of the individual microcracks in the specimen is developed with a small concentration due to the stress concentration, and most of the microcracks and holes are closed by the compressive stress, ultrasonic propagation time will be shortened due to the compression of the specimen and wave speed will increase. In the stage of elastic deformation, which aggregates the stress test compression effect showed the most elastic deformation, internal micro cracks would not extend, even if there are individual micro-cracks develop slightly but the residual deformation is small and ultrasonic wave velocity will tends to a stable value. At the stage of damage, there is no obvious macroscopic crack on the surface of the specimen, and does not appear to fall off. The wave velocity of the ultrasonic wave will be decreased, but not obvious. The threephase waveforms do not change significantly due to the absence of significant cracks in the specimen surface. Continue to load, the waveform appears due to the occurrence of irregular irregularities when the specimen surface cracks, wave velocity is also suddenly reduced. In the crack propagation phase, the waveform of ultrasonic wave will also change irregularly and wave velocity of ultrasonic wave will decrease with the expansion of the crack. When the crack penetrates through the whole specimen, the specimen has lost its bearing capacity, and the instability of the specimen occurs. At this time the waveform abnormalities vary greatly, continuity is poor, the waveform was irregular, measured wave velocity was significantly lower. It can be seen that the nature of damage and failure of fracture specimen is the process of transforming the continuous material into a discontinuous damage body by continuous accumulation step by step.
Conclusions
Firstly, Using the uniaxial compression tests and ultrasonic instrument measurement, the specimens of each stage in the process of loading waveform and wave velocity were obtained.
Secondly, Through the various stages of oscillogram it can be concluded: at 0
MPa, specimen within micro defects, lead to point 4# and 5# of the measured points and waveform appears irregular change; At 1 -4 MPa, specimen surface without cracks, ultrasonic wave tends to be stable, the change of waveform figure is not very big, irregular change point are still the point of 4# and measuring point 5#, other measuring points' waveforms are still regular and continuous;
When the specimen surface cracks, expect the waveform of measuring point 4#
and 5# change in irregularities, the measuring point 2# waveform also changes irregularly; In point 2# of a small scale, micro cracks specimens within the original and new micro cracks have been connected, internal crack extension to the surface of specimen. In the crack propagation stage, ultrasonic wave may also be along with the expansion of crack and irregular change, the most obvious change is point 1#, 2#, 3# three points waveform is no longer continuous, difference is very big between peaks and troughs; When the crack penetrates the whole specimen, the waveform of each measuring point changes abnormally, the continuity is bad, the waveform is irregular .
Thirdly, Through the measurement of each measuring point velocity, it found that in the early stage of the load of smaller scope, each point in the wave velocity with the increase of the strain and strain ratio is not obvious, the wave velocity of measuring point is increased when the load is applied. When cracks on the surface of the specimens, all measuring points' velocity decreased, but the station 1#, 2#, 3# wave velocity decreased significantly, measuring point 4#, 5#, 6# wave velocity fluctuation is not obvious. With the increase of load, each measuring point velocity with the increase of the strain is also obvious downtrend.
Fourthly, By strain and velocity, wave velocity and the strain relationship curve is drawn. Curve shows that the initial velocity values of the measuring points 1#, 2# and 3# are close to each other and point 2# and 3# wave-strain curves in similar characteristics; the initial velocity values of the measuring points 4#, 5# and 6# are close to each other and point 5# and 6# wave-strain curves in similar characteristics.
